Abstract: Combined molecular and morphological analyses demonstrate that a number of small-flowered Caribbean Asclepiadoideae of hitherto uncertain affiliation form two independent lineages in Asclepiadeae -Gonolobinae, and not, as previously assumed, in the Metastelmatinae. One lineage is described as the new genus Anemotrochus, which includes the widespread Caribbean A. eggersii, a species originally described under Metastelma; A. yamanigueyensis, a new species discovered by the authors in E Cuba; and A. viridivenius, a plant from Hispaniola formerly assigned to Matelea. The second lineage, Tylodontia, is a small genus restricted to Cuba. Besides its type species, T. cubensis, the genus comprises T. fuscula, a species formerly assigned to Metastelma; T. stipitata, a new species described here; and T. urceolata, a species formerly assigned to Astephanus. Anemotrochus and Tylodontia belong to the wider Matelea alliance, but they form endemic Antillean, mainly Cuban lineages independent from Matelea. All species, except for A. viridivenius, are fully described and illustrated, and distribution maps are provided. The names Metastelma eggersii and Astephanus schlechterianus (a synonym of T. fuscula) are lectotypified here.
Introduction
The Gonolobinae are a subtribe of the Asclepiadeae (As clepiadoideae -Apocynaceae), comprising c. 400 species with almost exclusively American distribution (Krings & Morillo 2015) . A single species, Gonolobus rostratus (Vahl) R. Br. ex Schult. has been introduced recently in W Africa (D. Goyder, according to Krings 2008) . Woodson (1941) reduced the 46 genera described in this subtribe to three genera, Fischeria DC., Gonolobus Michx. and Matelea Aubl. Krings & al. (2008) demonstrated that this subtribe falls into two lineages, of which one comprises Gonolobus, while the other one includes numerous genera synonymized under Fischeria and Matelea by Woodson (1941) . Current publications tend to reassess several of these genera or even describe new ones (e.g. Stevens 2001; Goyder 2006; Stevens & Morales 2009; Morillo 2012 Morillo , 2013 Morillo & Krings 2014) . A recent phylogenetic study in Metastelma R. Br. (Metastelmatinae; LiedeSchumann & al. 2014) showed that the Caribbean species M. eggersii Schltr. falls into the Gonolobinae. Grisebach (1866: 175) described Tylodontia Griseb., based on T. cubensis Griseb., as "juxta Microloma inserendum" with shoots possessing recurved eglandular 444 Mangelsdorff & al.: Anemotrochus and Tylodontia (Gonolobinae) trichomes, an urceolate corolla, with the gynostegium inserted at the base and the small corona lobes in the middle of the tube. Bentham (1876) treated Tylodontia as a synonym of Astephanus R. Br. without making the necessary combination for the described species. Schumann (1895) also listed Tylodontia as a synonym of Astephanus without putting the combination into effect. Following Schumann (1895), Astephanus was defined by a gynostegium lacking a corona, whereas Grisebach (1866: 175) stated that Tylodontia has a "Corona parva, 5phylla". This would have excluded Tylodontia from Astephanus. Gómez de la Maza (1895) combined T. cubensis into Astephanus with a new epithet, as A. grisebachii, because the name A. cubensis was blocked by Kunth (1819: 206) , a taxon placed in Metastelma by Liede & Meve (1997) . Based on the free anthers and the odd inflorescence, Schlechter (1899: 237) kept Tylodontia separate from Astephanus. Woodson (1941) combined Tylodontia into Cynanchum L. at the rank of a subgenus. He stated that the presence of a corona excluded it from Astephanus. Liede (1997: 176) included Tylodontia and Astephanus urceolatus in Cynanchum sect. Macbridea (Raf.) Liede. The characters she gave for this section are: "Plants herbaceous, twining, leaves lanceolate to linear, inflorescences extraaxillary, sciadioidal (umbel-shaped panicle; Liede & Weberling 1995) , corolla abaxially glabrous, corona absent or consisting of basally fused staminal and interstaminal parts, with only staminal lobes differentiated, but these exceeding the gynostegium…". However, as T. cubensis and A. urceolatus have thyrsoidal inflorescences, coronas consisting (also) of differentiated interstaminal parts and apically flattened style-heads, they cannot be included in C. sect. Macbridea. Further, Liede (1997: 176) noted that these taxa cannot be included in Metastelma: "…and all species lack the most reliable character of Metastelma, the bearded corolla lobes". As T. cubensis has adaxially densely bearded corollas, this feature does not suit for excluding it from Metastelma, but the possession of interstaminal corona elements and furrowed pollinia, as well as the shoots, which are uniformly and densely covered with recurved trichomes, separate the species well from Metastelma. Later, Liede & Meve (2003: 587) tentatively included T. cubensis and A. urceolatus in "Cynanchum" with an ambiguous position until more material would become available, but remarking that Tylodontia might be resurrected. Their main arguments were that the Astepha ninae are confined to the Old World and that Schlechter (1899: 240) argued "Die Gestalt der Corolla erinnert an Tylodontia cubensis Griseb." (the shape of the corolla [of A. urceolatus] is reminiscent of T. cubensis). Considering the historically uncertain position of these taxa, in addition to recent morphological evidence that the mainly Cuban alliance of the Metastelmalike species Astepha nus urceolatus Griseb., Metastelma eggersii, M. fuscu lum C. Wright, and Tylodontia cubensis Griseb. display characters typical of Gonolobinae (Mangelsdorff 2004) , the present study aims to take a closer look at the Caribbean small-flowered Metastelma-like taxa in order to (1) clarify their systematic position, (2) test their monophyly and (3) revise these groups taxonomically, taking into account the results of the phylogenetic study.
Material and methods

Phylogeny
Taxon sampling -The datasets of Rapini & al. (2007) and Krings & al. (2008) were used as a starting point, because these two datasets combine a broad general sampling in New World Asclepiadeae (Rapini & al. 2007) with the largest sampling so far available in Gonolobinae (Krings & al. 2008) . In both datasets, samples completely lacking one of the regions studied (trnTF, rps16 or LEAFY) were pruned. Finally, representatives of all hitherto known Caribbean (mainly Cuban) small-flowered Metastelma-like taxa were added, resulting in eleven samples representing seven species.
Duplicate samples were added for three Cuban species of Matelea, namely M. bicolor (Britton & P. Wilson) Woodson (Liede & Meve LM 3583) , M. nipensis (Urb.) Woodson (Mangelsdorff RMC 318) and M. tam nifolia (Griseb.) Woodson (Mangelsdorff RMC 125) , and the Central American Gonolobus ophioglossa Woodson (Mangelsdorff RMP 1286) . For three species of Gonolo binae (G. barbatus Kunth, G. suberosus (L.) R. Br. and M. cyclophylla (Standl.) Woodson) not all partial sequences could be obtained from the same specimen, so that the sequences of two different accessions had to be combined (see Appendix for all vouchers under their names as accepted here, including GenBank accession numbers). Preliminary analysis adding the eleven smallflowered Metastelma-like taxa to the complete dataset of Rapini & al. (2007) had placed all samples with full support in the New World Clade of Asclepiadeae. Therefore, only samples of the New World Asclepiadeae subtribes Diplolepinae, Gonolobinae, Metastelmatinae, Orthosi inae, Oxypetalinae, Pentacyphinae and Tassadiinae were included in the main analysis (see Appendix). The two samples of Pentacyphus were considered as the outgroup following Liede-Schumann & al. (2014) . The total matrix comprises 156 accessions, 67 of which are considered as Gonolobinae.
DNA extraction, amplification and sequencing -DNA was extracted from silica-gel-dried leaves (vouchers deposited at FR or UBT). Total DNA was extracted using the DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) following the manufacturer's instructions. PCR primers and protocols for the plastid trnTtrnL and trnLtrnF spacers and the trnL intron are those described in Taberlet & al. (1991) . The trnL intron and trnLtrnF intergenic spacer were amplified either as one fragment, using primers c and f, or as two separate fragments, using primers c and d, and e and f, respectively. The two segments were kept Willdenowia 46 -2016 separate for alignment because most of the samples were amplified separately and the matrix of Krings contains only the trnL-trnF intergenic spacer. The rps16 intron was amplified as in Liede-Schumann & al. (2005) using the primer pair rps16-1F and rps16-2R. LEAFY was amplified using the primers and PCR conditions described in Krings & al. (2008) . All accessions were sequenced directly from the PCR product. In cases in which PCR yielded more than one band, the major band was excised, purified with the QIAquick gel extraction kit (Qiagen) and then sequenced directly. For one accession of the Caribbean small-flowered Metastelma-like taxa (Liede & Meve 3593) , no PCR product for LEAFY could be obtained (see Appendix). For seven species of Gonolo binae, Krings & al. (2008) had recovered 2 -7 LEAFY sequences by cloning. In these cases, the majority rule consensus of all sequences of the same species was calculated using CodonCode Aligner, v.3.0.3 (CodonCode Corp., Dedham, Massachusetts, U.S.A.) , and inserted in the final matrix.
For all five markers, forward and reverse sequences were aligned with CodonCode Aligner, v.3.0.3, and the consensus was exported in fasta format. The fasta files of all markers except LEAFY were aligned manually in Mesquite (Maddison & Maddison 2011) . For LEAFY, the fasta files were prealigned with the OPAL package inside Mesquite (Wheeler & Kececioglu 2007) and the resulting alignment was corrected manually. A total of 67 partial sequences was obtained newly for this study. Because the two datasets integrated here are only partially congruent in terms of marker selection, the matrix has a high number of missing partial sequences (see Table 1 and Appendix).
Phylogenetic analysis -Congruency of the partitions was assessed using the ILD (Incongruence Length Difference; Farris & al. 1994 ) test as implemented in PAUP 4.0b10 (Swofford 2003) . We conducted 1000 replicates using random addition (10 addition sequences), keeping a maximum of 100 trees in each repetition. Taxa missing a partial sequence in the set under investigation were excluded. Only values of p < 0.01 were considered as significantly incongruent (Cunningham 1997) .
Following the recommendation by Huelsenbeck & Rannala (2004) , the most complex model GTR + G + I was implemented for each partition and model parameters were allowed to be optimized independently. Test runs implementing the models of Krings & al. (2008) did not result in a different tree topology (results not shown).
For Maximum Likelihood (ML) reconstructions, all analyses were implemented in GARLI 2.0 (Zwickl 2006) , with general settings left at default. Five independent runs were conducted to find the best tree. Support for individual relationships was evaluated using likelihood bootstrap, 100 replicates and two search replicates each, and the resulting trees summarized with sumtrees (Sukumaran & Holder 2010) .
Bayesian inference (BI) relied on MrBayes 3.2 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003) . The five partitions (trnTL, trnL, trnLF, rps6, and LEAFY) were considered unlinked, parameters estimated independently, and four simultaneous independent runs were conducted with default temperatures and prior distributions, saving one tree every 1000 generations. The analysis was run for 4 million generations, when constancy was reached at an average standard deviation of split frequencies ≤ 0.015. Burn-in and run convergence were assessed by examination of the split frequencies diagnostic and the first 50 % of the trees were excluded from the construction of the 50 % majority rule consensus tree. All matrices and trees are available in Treebase (Piel & al. 2002 ; study number 16299).
Taxonomic revision
The treatment is based on the critical study of c. 150 herbarium specimens obtained from A, B, GH, GOET, HAC, HAJB, HBG, JBSD, JE, NY, P, S and US (herbarium codes follow Thiers [continuously updated] ). The abbreviation "HFC" is used throughout for the collections of Cunningham 1997) . Therefore, only the combined dataset was considered further. All analyses recover a very highly supported (BS ML = mm 0.92, PP = 1.0) monophyletic Gonolobinae (Fig. 1) . In Gonolobinae, however, basal resolution is low, only a few clades are well supported. These are the Fischeria clade (BS ML = mm 0.73, PP = 0.99), the Macroscepis Kunth-Schubertia Mart. clade (BS ML = mm 0.92, PP = 1.0), the core Gonolobus clade (BS ML = mm 0.6, PP = 1.0) and a small Caribbean (incl. Cuba) clade comprising Matelea correllii Spellman, M. nipensis, M. oblon gata (Griseb.) Woodson and M. phainops Krings, while a clade comprising Central American species of Matelea is only poorly supported (PP mm = mm 0.81).
In all analyses, the small-flowered Metastelma-like taxa fall into two separate, well-supported clades (labelled Anemotrochus and Tylodontia, Fig. 1 ). One clade (BS ML = 1.0, PP = 1.0) comprises taxa hitherto known as Metastelma eggersii Schltr. [Liede & Meve 3592, Man gelsdorff RMC 387, Neil 270] , Matelea viridivenia Alain [Clase & al 5609, Veloz & al. 836] , and a so-far undescribed species [Mangelsdorff RMC 222a, 222b, RMC 357] . Matelea viridivenia from Hispaniola is sister to the widespread Metastelma eggersii and the undescribed species from Cuba. This clade is sister to a clade comprising Cuban Matelea species, M. bicolor and M. ek manii (Urb.) Woodson, albeit with no support in the ML analysis and little support in the Bayesian analysis (PP = 0.93). In Metastelma eggersii, the sample from the Caicos Islands is sister to the two Cuban samples.
The other clade (BS ML = 0.52, PP = 0.97) comprises Tylodontia cf. cubensis [Liede & Meve LM 3593] , as well as taxa hitherto known as Astephanus urceolatus [Man gelsdorff RMC 233] , Metastelma fusculum [RMC 327] , and a so-far undescribed species [Mangelsdorff RMC 332, RMC 333] . This clade is sister to the Cuban Matelea tamnifolia, the type of Poicilla Griseb., but the relationship receives support only in the Bayesian analysis (PP = 0.96).
Based on the results of the phylogenetic analysis detailed here, we propose to recognize the clade including Metastelma eggersii, Matelea viridivenia and a hitherto undescribed species (Mangelsdorff RMC 222a, 222b, RMC 357) (Mangelsdorff RMC 332, RMC 333) , we propose to reinstall Tylodontia Griseb.
Macro-and micromorphology
Morphological circumscription of Anemotrochus and Tylo dontia -All seven taxa accepted share a dense indumentum of shoots, petioles, peduncles, and pedicels consisting of eglandular, retrorse, antrorse or spreading multicellular trichomes. Tylodontia has ovate to ovate-lanceolate leaf blades with obtuse to slightly cordate bases, acute apices, and straight margins, while Anemotrochus has much smaller, usually ovate to broadly lanceolate leaf blades with rounded or cuneate bases, rounded, often minutely apiculate apices and more or less revolute margins.
The corollas of Tylodontia and most species of Anemotrochus and are fused for more than half the total length with a tubular to urceolate basic shape (Fig. 2) . Only in A. viridivenius is the corolla radiate and only basally fused. The corolla lobes are pronouncedly dextrorsely imbricate in bud and asymmetric in outline when unfolded. Anemotrochus possesses papillose or pilose corolla lobes with the right side of the lobes being completely glabrous, laminar-solid staminal corona lobes, reduced or absent interstaminal corona elements, and an expanded basal mouth of the anther wings.
All currently known species of Tylodontia have a non-annular corolline corona (cf. also Kunze 1995) consisting of a complicated system of ridges and bulges (Fig.  3A , 3B, 8F), whereas Anemotrochus lacks such corolline outgrowths. The anther wings of Tylodontia consist of two separate structures, the basal one almost as long (T. cubensis) or longer than the apical one, with more or less expanded margins and the upper one being the structure where the pollinia are inserted (Fig. 9C, 10H) , Anemo trochus lacks a longer expanded basal part (Fig. 3A) . All species of Tylodontia have more or less pronounced interstaminal coronal elements (Fig. 10H ), whereas in Anemotrochus only an almost invisible ridge connects the staminal lobes at their bases (Fig. 3A) .
Morphological characteristics grouping Anemotro chus and Tylodontia in the Gonolobinae -Because character evolution in Gonolobinae has not yet been studied in detail and is beyond the scope of the present analysis, an evaluation of a particular character as apomorphic or as plesiomorphic is still not possible. Of the characters listed as typical for the subtribe (Liede 1997 , following, e.g., Stevens 1988 , Kunze 1995 and Swarupanandan & al. 1996 , all species possess the broad, flat style-head and strongly divergent pollen sacs. (1995); but here, sensu Endress & Bruyns (2000) , named corolline corona], which, in Asclepiadeae, is found only in Gonolobinae (Liede & Kunze 1993) , though not in all members of the subtribe, including Anemotrochus. Tylo dontia urceolata, in addition, possesses "dorsal anther appendages" (sensu Kunze 1995) , an additional appendage exactly on the back of the fertile parts of the anther (cf. Fig. 10H ) but not below as is typical for staminal corona formations. The pollinia conform to the definition of Woodson (Woodson 1941: 198) that "the faces of the pollinium are more or less dissimilar: one convex or rounded and the other flattened or somewhat excavated", and "in some cases both sides are deeply furrowed or excavated". In both genera, the anther wings possess additional guiding structures (sensu Kunze 1995) . Neither genus possesses glandular hairs, but the shoots of all species are covered over the whole surface by an indumentum composed of multicellular, eglandular, whitish to slightly coloured trichomes, a character frequently found in Gonolobinae (and Oxypetalinae). Delimitation of Anemotrochus and Tylodontia from Matelea s.str. -The two genera delimited here can be distinguished from Matelea s.str. by a number of characters. Pubescence is ubiquitous on the stems in all species, in contrast to being mostly in one or two lines in Mate lea s.str. Furthermore, indumentum consists only of nonglandular trichomes of more or less equal length, while Matelea s.str. is characterized by a mixed indumentum comprising long and short eglandular trichomes as well as glandular ones. Leaf shape (see above) distinguishes both Anemotrochus and Tylodontia from Matelea s.str., which is characterized by much larger, narrowly elliptic to lanceolate leaves with cuneate to rounded bases (Krings & Morillo 2015) . Anemotrochus has distinct laminar-solid staminal coronas, whereas evident interstaminal corona elements are absent. Distinct staminal corona elements are also found in T. cubensis; they are more reduced in T. fuscula, separating the latter and Anemotrochus from Matelea s.str. as currently circumscribed by Morillo (2012) and Morillo & Krings (2014) . Further characters possibly segregating the new genera from Matelea s.str. are the serrate seed margins and the absence of a coma, but as fruits and seeds are not known from all species, these characters might not hold up to future inquisition.
Tylodontia stipitata possesses, next to a complicated system of corolline corona structures, a gynostegial corona composed of dominant interstaminal and minor staminal parts that encircle the stipe of the gynostegium, resulting in a structure superficially similar to Matelea annulata Alain, where instead the ring-like corona is formed by complete fusion of staminal and interstaminal elements with ligules in the interstaminal position. Tylodontia urceolata has a lobulate interstaminal corona and a vestigial corona in staminal position, a combination of structures also not found in Matelea s.str. Below the guiding structure into which the pollinium is to be inserted, another significant structure is present in Tylodontia consisting of bead-like swollen anther wing margins that are almost as long or longer and more prominent than the guide rails themselves ( Fig. 10H ; cf. also Kunze 1994) . These structures presumably function as nectar-exuding structures. Similar structures, but less prominent, can also be found in Anemotro chus. Krings (2011) named them "hooked" anther wings when describing Anemotrochus (Matelea) viridivenius. Within the Gonolobinae, dorsal anther appendages are known only in Fischeria and Gonolobus (Krings & al. 2008) . While Fischeria possesses vesicular dorsal appendages, those of Gonolobus are laminar (Krings & al. 2008) . The architecture of the solid bifurcate dorsal appendage of T. urceolata is unique within this subtribe. Finally, nectar chambers that are not known in Matelea s.str. can be observed in Anemotrochus eggersii and A. yamanigueyensis. 
Discussion
The present study was conducted to clarify the position of several unusual Caribbean taxa and had therefore restricted sampling of the species-rich Gonolobinae as a whole (South American taxa especially are widely missing). Nevertheless, our phylogenetic tree, which is largely in agreement with the one shown by Krings & al. (2008) , allows some preliminary conclusions. Similar to Metastelma (Liede-Schumann & al. 2014) , Gonolo binae show a strong geographical pattern. Both Central America and the Caribbean (including Cuba) apparently have been settled more than once, leading to the extreme species richness observed today. In contrast to the results of Krings & al. (2008) , the species-poor genus Fischeria is retrieved in the ML analysis as unsupported sister to all other Gonolobinae, but Macroscepis and Schubertia are retrieved amid Matelea s.l. Core Gonolobus remains monophyletic with high support, corroborating the results of Krings & al. (2008) . While Anemotrochus is very well supported, support for Tylodontia is lower. However, this is most likely the result of the missing LEAFY sequence of the first-branching T. cubensis.
According to Krings (2011) , the Gonolobinae comprise at least two major lineages, the one including Gonolobus s.l., the other one Fischeria DC., and a diverse array of taxa largely synonymized with Matelea by Woodson (1941) . Matelea sensu Woodson comprises at least 260 species, and several attempts have been made to describe smaller natural genera (e.g. Stevens 2001; Morillo 2012 Morillo , 2013 Morillo , 2015 Morillo & Krings 2014) . However, as Krings (2011: 730) stated, "The synorganization of androecium and gynoecium appears to have facilitated such a myriad of gynostegial structural variation … that it is at times difficult to discern relationships, much less morphological synapomorphies, in the absence of a resolved phylogeny". Ibatia Decne. and Chloropetalum Morillo are well separated from the rest of "Matelea", which falls into a number of well-supported clades whose relationships among each other are not yet understood, a result corresponding to the findings of Krings & al. (2008) and Morillo (2015) . The small-flowered Caribbean taxa studied here form two such clades, opening two possibilities for integrating these taxa into the existing As clepiadoideae systematics. First, these species could be treated as Matelea s.l., adding floral types not yet found in the genus, no matter how widely it is understood. To add Anemotrochus and Tylodontia to Matelea s.l. would most likely also necessitate the inclusion of Gonolobus, Macroscepis and Schubertia in order to establish a monophyletic unit, based on the position of the type species, M. palustris Aubl., in Krings & al. (2008) , even though this was based only on a single partial sequence (trnLF, 370 bp). The other option is to circumscribe the two lineages as independent genera, following the pattern started by Stevens (2001) , and continued by Morillo (2012 Morillo ( , 2013 Morillo ( , 2015 and Morillo & Krings (2014) , who separated several genera from the large pool of Matelea mostly based on morphological criteria. While the recognition of small segregate genera in Matelea counters the general trend in Asclepiadoideae to amalgamate small genera into large ones (Goyder 2004; Liede-Schumann & al. 2012; LiedeSchumann & Meve 2015; Khanum & al. 2016) , the two genera proposed here are well supported, Tylodontia by both morphological and molecular data, and Anemotro chus by molecular data and vegetative morphological characters.
The overall similarity between flowers of Tylodontia and two of the three Anemotrochus species presumably constitutes a parallelism due to adaptation to similar habitats and pollination syndromes, as can be inferred from the phylogenetic analysis. This corresponds with the floral similarity of the two genera with several species of Metastelma occurring in the Caribbean, which has caused such taxonomic confusion (this paper; LiedeSchumann & al. 2014; Liede-Schumann & Meve 2015 ). An apparent problem seems to be that often non-homologous structures have been compared, whereas additional important structures were not investigated thoroughly enough. Longitudinal sections through flowers seem especially promising for character analysis. Also, thorough comparison of vegetative characteristics can lead to natural groupings in Gonolobinae; in particular, details of leaf shape and indumentum structure are promising candidates.
Molecular analysis suggests that Anemotrochus egger sii and A. yamanigueyensis, both with urceolate to tubular flowers, form a clade with A. viridivenius (Matelea viridi venia) with rotate, adaxially pubescent flowers of whitish basic colour patterned with green. No flowers could be investigated by ourselves, so that all data are derived from Krings & al. (2008) and Krings (2011) . The gynostegium of A. viridivenius has a basally ligulate laminar staminal corona, almost completely reduced interstaminal corona parts, an expanded basal part of the anther wings, as known from Tylodontia, and shares a similar growth form with A. eggersii and A. yamani gueyensis. Krings (2011) states that Matelea alainii Woodson, a Cuban endemic, is more similar to M. viridivenia than to any other species of Matelea s.l., considering the small leaves, indumentum type, gynostegial and follicle morphology. Unfortunately, despite considerable efforts, no material of M. alainii was available for our molecular study; the only extant material are the type (with several isotypes), and one additional poor specimen, all dating from 1956. While a transfer of M. alainii to Anemotro chus seems not advisable under these conditions, the delimitation of the genus is not affected. If M. alainii is really the closest relative of A. viridivenius, it will either be retrieved as sister to it or it will be inserted between A. viridvenius and the A. eggersii-A. yamanigueyensis clade. In either case, M. alainii can be included in Anemotro chus. The decision not to describe a separate genus for M. viridivenius (and M. alainii ) is independent of the Willdenowia 46 -2016 number of species possibly contained in the group and is a consequence of recent results in Asclepiadoideae, which have shown that open and closed flower types, while conspicuously different, have obviously arisen several times inside well-supported lineages; e.g. Bruyns & al. (2015) , who have shown that the open-flowered genus Brachystelma Sims has evolved several times from inside Ceropegia L. with tubular flowers. Therefore, we weigh the full molecular support for the genus and the vegetative similarities of the species higher than the more obvious character of open versus closed flowers.
Taxonomic treatment
Preliminary key to the genera of the Gonolobinae in the Antilles (by Gilberto Morillo) Number of species -Three. One species widely distributed in mainly littoral habitats in the Bahamas, Cuba, Jamaica, Hispaniola and numerous small islands, one species a Cuban endemic and one a Hispaniolan endemic. Matelea alainii Woodson, also from Cuba, is vegetatively very similar, while the flowers possess no evident staminal corona lobes. However, in the absence of molecular data, it seems premature to transfer this taxon to Anemo trochus.
Etymology -The name is derived from Greek άνεμος (ánemos, wind) and τροχός (trochós, wheel), i.e. a windmill, after the appearance of the corolla when viewed from the top.
Key to the species of Anemotrochus Phenology -Flowering presumably over the whole year; flowering specimens were collected in January, March -July, August and October -December.
Distribution -Bahamas, Cuba, Jamaica, Hispaniola (one sterile specimen seen) and numerous small islands (Fig. 6 ).
Ecology -Coastal habitats on sand and boulders.
Conservation status -As this taxon has a wide distribution and occurs in localities that are of low value for land utilization, the category Least Concern (LC) is appropriate (IUCN 2012 (IUCN , 2016 .
Etymology -Named after Henrik Fr. A. Baron von Eggers (1844 -1903 , Danish soldier and botanist.
Remarks -In overall appearance, the specimens from the Bahamas are more coarse than the ones from Cuba. This might be the result of collection artifacts, as the Cuban specimens were fewer and less well preserved. Gynostegial corona of staminal parts attached directly underneath anthers, shorter than gynostegium, yellowish green; lobes flattened ovoid, c. 0.4 mm long (measured from point at which lobe is adaxially fused with stamen), c. 0.6 mm long, erect to inflexed. Gynostegium c. 0.9 mm long in total (from mouth of guide rails to top of gynostegium c. 0.5 mm), c. 1 mm in diam., atop a bulge c. 0.4 mm long (this is region below mouth of guide rails). Anthers about as long as broad, pentagonal to hexagonal, abaxially convex. Anther wings of adjacent anthers separated into 3 different parts, basal part ("pseudostipe") c. 0.11 mm long, guide rail part centrifugal, spreading at an angle of c. 45° relative to flower axis, 0.23 -0.25 mm long with an additional basal guiding structure almost in same plane as anther and widening at base into a presumable nectar-exuding part; guide rails differentiated into a distal and proximal ridge, which is bristly in between (Fig 3B) . Phenology -The type specimen flowered in March. One plant in cultivation (in Germany) flowered regularly from September to January.
Additional specimens investigated
Distribution -E Cuba: Holguín Province (Fig. 6) .
Ecology -Coastal habitats on ultramafic soil ( Fig. 2A) .
In microphyllous evergreen shrubwoods with bixeric tropical climate (Borhidi 1991) .
Conservation status -This taxon, so far as is known, has a very local distribution in an area of low value for Etymology -Named after the type locality, Yamanigüey, Cuba.
Remarks -The bristly zone between distal and proximal ridge of guide rail was observed only in this species. Possibly it occurs in Anemotrochus eggersii as well, but the material analysed was too badly preserved for thorough study. 
Additional specimens investigated (paratypes)
Description and illustration -See Krings (2011).
Phenology -Fide Krings (2011) flowering specimens were collected in April, November and December.
Distribution and ecology -Endemic to Hispaniola, xerophytic thickets in the south, from sea level to c. 150 m (Fig. 6 ).
Etymology -The epithet is derived from Latin viridis (green) and vena (vein), because of the green-veined corolla. 2. Tylodontia Griseb., Cat. Pl. Cub.: 175. 1866. -Type: Tylodontia cubensis Griseb.
Additional specimen investigated
Description -Plants climbing to c. 3 m high, sparsely and irregularly branched, with white latex. Shoots, petioles, peduncles and pedicels ± densely covered by eglandular, retrorse multicellular, basally slightly thickened and variably sized trichomes to 2 mm long; unicellular or glandular trichomes sbsent. Stipules present. Leaf blade ovate-lanceolate, basally rounded or slightly cordate. In florescences extra-axillary, bostrychoid with mostly geminiflorous partial inflorescences, sciadioidal-thyrsoidal, or, more commonly, with a ± lengthened rachis that can form flowers for an extended period. Corolla ± white, fused for at least ½ of total length, subglobose-urceolate, adaxially pilose or glabrous. Corolla lobes carnose, dextrorsely imbricate in bud, pronouncedly asymmetric with left side basally extended and covering neighbouring lobe, basally often grooved, margins of grooves often continued as ridges in tube. Corolline corona a ± prominent system of epipetal elevations or lobe-like structures at base or in middle of tube. Gynostegial corona consisting of staminal and interstaminal parts. Outer corona with interstaminal parts often larger (pseudolobes), inserted at base of gynostegium, mostly apically and laterally involute. Staminal (inner) co rona elements mostly inconspicuous (laminar in T. cuben sis). Anther wings separated in 2 different structures, basal one conspicuous, mostly longer and more prominent than upper one, vertically oriented, upper one (where pollinia are inserted) almost horizontal (basally centrifugal) and seemingly an extension of hyaline membrane covering pollinia. Zone between distal and proximal ridge of guide rail not bristly (Fig. 3C) . Connective appendages laminar, ± appressed to style-head (linear and erect in T. urceolata). Gynostegium ± stipitate (subsessile in T. cubensis). Pol linarium: Pollinia pendulous, flattened in cross-section, obliquely ovate-kidney-shaped with a more flattened zone at upper median margin relative to anther; caudicles basally inserted, cylindric, distally flattened, geniculate; cor pusculum ovate-elliptic. Stylehead roughly mushroomshaped, broader than long, centrally pitted. Follicles 1 per flower, fusiform to obclavate, 6 -7 cm long, rostrate.
Number of species -Four. Endemic in Cuba, rare.
Etymology -The name is derived from Greek τύλος (týlos, wheal or callosity) and οδούς (odoús, genitive οδόντος, odóntos, tooth), presumably because of the swollen, short anthers.
Remarks -The four species are highly variable with regard to their gynostegial corona structures. Tylodontia cubensis has broad staminal corona lobes that are basally adjacent but more or less free. In contrast, T. urceolata has free interstaminal corona lobes, no visible staminal corona lobes, but bifurcate dorsal anther appendages. Tylodontia fuscula has a highly complex system of fused staminal and interstaminal coronal parts that are folded into the corolline corona lobes, while T. stipitata has a ring-like corona consisting of fused staminal and interstaminal parts. From Matelea s.l., Tylodontia is easily distinguished by the tiny flowers with an urceolate whitish corolla, more or less laminar (or collar-like) staminal and often rather prominent interstaminal corona parts and anther wings that are separated into two different structures, of which the basal one is much more prominent than the apical one. Description -Plants ascending twining, to c. 2 m high, sparsely and irregularly branched. Shoots herbaceous, basally slightly lignified, densely covered with multicellular, recurved, 70 -650 µm-long trichomes. Internodes in fertile part 3 -10.5 cm long, 0.7 -1 mm in diam. Stipules narrowly triangular, c. 0.14 × 0.06 mm. Leaves with 9 -15 mmlong petiole; blade 18 -35 × 8 -25 mm, ovate, basally rounded to obtuse to cordate, with 2 -4 colleters at adaxial base, apically acuminate, apiculus 0.4 -0.7 mm long, adaxially on veins and margins sparsely and on blade and toward margin isolatedly covered with multicellular, recurved, 70 -300 µm-long trichomes, abaxially mainly on veins and margins sparsely covered with recurved (on living plants presumably erect), 70 -500 µm-long trichomes; marginally sparsely covered with appressed to recurved, 120 -500 µm-long trichomes. Inflorescences presumably Phenology -Flowering specimens were collected in October and November.
Distribution -W Cuba: Pinar del Río Province (Fig.  11A ).
Ecology -Fide Bisse & Lippold HFC 10895: "pinares".
Conservation status -This taxon has a local distribution in areas of low value for land utilization and seems to be extremely rare there. The category Vulnerable VU B2ab(ii,iii) is appropriate (IUCN 2012 (IUCN , 2016 .
Etymology -Named after Cuba.
Remarks -Wright 2964 (GOET) was identified by Howard (1988, App. 1: 159) as the holotype of T. cuben sis, although Grisebach did not clearly designate this specimen in the protologue. However, Howard is undoubtedly right as Grisebach was domiciled in Göttingen and this sample is the only one annotated by Grisebach.
Because rarely collected and with small, often badly preserved flowers, Tylodontia cubensis is one of the enigmatic Cuban Asclepiadeae. The flimsy flowers are easily damaged when prepared, as the anthers dislocate. The axes of symmetry are difficult to understand because the corolla lobes overlap each other for almost one-half and are partially twisted.
Pollinaria sizes are rather variable in this species, with the smallest sizes measured in Wright 2964 and the largest ones in HFC 32515. As can be noted from the description, the specimen from the Pan de Guajaibón (HFC 32515) deviates in several aspects from the type. More material is necessary to decide whether these characteristics are of taxonomic value. Description -Plants ascending, twining, to 2 m high, sparsely and irregularly branched. Shoots herbaceous, ba- Phenology -Flowering specimens were collected in August and October. In cultivation in Germany the species flowered in December and April -August.
Additional specimens investigated
Distribution -Cuba: mountainous regions in the east (Fig. 11B ).
Ecology -From higher regions on ultramafic soils. The first author found the species (RMC 327) growing amid dense undergrowth on the steep and shady forested banks of the Río Palenque (Fig. 2D) . The plant was rooted in thick humus layers covered by mosses and next to Odon tosoria aculeata (L.) J. Sm. (Lindsaeaceae), Pilea sp.
(Urticaceae) and Poaceae spp.
Conservation status -This taxon has a local distribution in areas of low value for land utilization. As the political situation in Cuba might change in the future, currently unexploited or protected areas might be in danger of change of land use. The category Vulnerable VU B1ab(ii,iii) is appropriate (IUCN 2012 (IUCN , 2016 .
Etymology -The epithet is derived from Latin fuscus (brown), presumably because of the brownish indumentum of dried specimens.
Remarks -The two specimens cited below, collected and determined by Shafer as Tylodontia fuscula, are the only known collections of fruits in this genus. Diagnosis -Differing from Tylodontia cubensis by less floriferous inflorescences, much larger flowers, a stipitate gynostegium ensheathed by a ring-like corona, and lower anther wing parts that are much more prominent than the guide rails.
Description -Plants ascending, twining, to 2 m high, sparsely to irregularly branched. Shoots basally slightly woody with brownish-greyish bark, subglabrous to strigose over whole surface with multicellular, recurved, 200 -1000 µm-long trichomes. Internodes 5 -10 cm long, c. 1 mm in diam. Stipules narrowly triangular to deltate, c. 0.2 × 0.18 mm. Leaves with 1 -18 mm-long petiole; blade 7 -40 × 3 -19 mm, ovate-lanceolate, basally cordate to rounded or cuneate, with 2 colleters at adaxial base, apically acuminate, apiculus c. 0.2 mm long, densely pilose; lamina glabrous, adaxially on veins and margins sparsely covered with appressed to recurved or flexuous, 100 -450 µm-long trichomes, abaxially with erect to recurved, 200 -600 µm-long trichomes; main vein adaxially often sunken in fold. Inflorescences thyrsoidal, to 17-flowered with up to 7 flowers open synchronously. Peduncles 4 -13 mm long, glabrous to densely covered over whole surface with recurved, flexuous or inflexed, 100 -600 µm-long trichomes. Rhachis to 11 mm long. Floral bracts deltoid to lanceolate, 0.4 -1 × 0.1 -0.6 mm, pilose and ciliate. Pedi cels 3 -6 mm long, glabrous or sparsely to densely covered over whole surface or along a single line with flexuous to inflexed trichomes. Floral buds conical to ovoid, c. 1.8 × 1.7 mm. Flowers oriented at an angle of c. 60°, secund. Calyx basally fused; lobes ovate, 1.2 -1.6 × 0.6 -0.8 mm, apically acute, abaxially glabrous or nearly so. Corolla urceolate, fused for c. 4/5 of total length, 2.4 -2.6 mm long, subcarnose, yellowish white, abaxially glabrous, glossy, adaxially with a few isolated, papillose trichomes; lobes triangular, c. 0.6 × 0.5 mm, slightly coriaceous, apically acute, left side larger than right side, twisted, spreading. Corolline corona lobes V-shaped, 0.15 -0.2 mm long, epipetalous in middle of tube, separated from each other in petal sinuses, thereby forming a conspicuous system of ridges separating interstaminal sections, solid, surface slightly warty. Gynostegial corona with staminal and interstaminal parts, basally connate, encircling stipe of gynostegium like a collar; staminal parts shorter and more slender than interstaminal parts, erect, apically inflexed, slightly crenulate, on adaxial side connate to stipe by a ridge and here lower as in interstaminal position, abaxially basally fused with corolla tube and forming ridges that separate interstaminal cavities, interstaminal parts more prominent, free sections c. 0.3 mm long, laminar, forming a cavity below lower guide rail. Gynostegium 0.55 -0.6 long, c. 1.1 mm in diam., stipitate; free stipe 0.2 -0.85 mm long from base of staminal corona, 0.42 -0.48 mm from adaxial and 0.72 -0.86 mm from abaxial base of interstaminal corona parts. Anthers broader than long, broadly rhombic, abaxially prominently convex; anther wings separated into basal part c. 0.4 mm long, centripetal, prominently bulging and spreading, upper guide rail part 0.25 -0.3 mm long, centrifugal, consisting of proximal and distal ridge. Connective appendages triangular to ovate, 0.25 -0.3 × 0.15 -0.32 mm, inflexed, appressed to style-head. Pollinaria: pollinia (sub-)apically attached to caudicles, 200 -240 × 120 -140 µm, obliquely obovoid-rectangular, elliptic in cross-section, with an upper, prominent, deltoid protrusion; caudicles c. 80 µm long, sub-basally inserted at corpusculum, convexly recurved; corpusculum narrowly ellipsoid, c. 160 µm long. Stylehead c. 0.4 mm long, c. 1.1 mm in diam., colour unknown, pentagonal, with discoid, centrally depressed upper part. Fruits and seeds unknown.
Phenology -Flowering specimens were collected in April, May and October.
Distribution -Cuba: mountainous regions in the east, rare (Fig. 11C) .
Ecology -Typically found in regions with high precipitation and in Charrascos on ultramafic soils. Liede-Schumann and Meve (LM 3568, UBT) found this species in the Sierra de Moa climbing on shrubs and low tree ferns (Fig. 2F) .
Conservation status -This taxon has a local distribution in areas of low value for land utilization and partly within the protected lands of the Parque Nacional Alejandro de Humboldt. As the political situation in Cuba might change in the future, currently unexploited or protected areas might be in danger of change of land use. The category Vulnerable VU B1ab(ii,iii) is appropriate (IUCN 2012 (IUCN , 2016 .
Etymology -The epithet is derived from Latin stipes (stalk), because of the stipitate gynostegium. Fig. 2H, I , 3C, 10.
Remarks
Description -Plants ascending, twining to 2 m high, sparsely irregularly branched. Shoots densely covered over whole surface with multicellular, recurved and straight 80 -900 µm-long trichomes, basally woody, with greyish bark. Internodes 8 -10 cm long, 0.5 -1 mm in diam. Stipules narrowly triangular to deltate, c. 0.14 × 0.1 mm. Leaves with 4 -17 mm-long petiole; blade 17 -35 × 7 -18 mm, herbaceous, ovate, basally cordate, with 0 -2 colleters at adaxial base, apically acuminate, apiculus 0.2 -0.6 mm long, lamina on both surfaces isolatedly to sparsely covered over whole surface to mainly on veins and margins with erect to recurved, 100 -800 µm-long trichomes, margins sparsely to densely ciliate with appressed to recurved, 100 -700 µm-long trichomes. In florescences horizontal, thyrsoidal to sciadioidal, spreading to horizontal, 3 -6( -11)-flowered, 2 -4 flowers open synchronously. Peduncles 3 -6 mm long, densely covered over whole surface with recurved or inflexed, 50 -300 µm-long trichomes. Rhachis straight, c. 2.4 mm long. Floral bracts lanceolate to linear, 0.5 -1.8 × 0.3 -0.7 mm, abaxially with trichomes, ciliate. Pedicels 2 -4.5 mm long, sparsely to densely covered over whole surface with recurved or inflexed, 50 -250 µm-long trichomes. Floral buds conical, c. 4 × 3.5 mm, with 5 bulges in interstaminal and 5 smaller ones in staminal position (Fig. 10C,  E) . Flowers spreading to horizontal, no scent noted by collectors, nectariferous. Calyx almost free; lobes linear to ovate, c. 2.7 × 0.7 -0.8 mm, apically obtuse to acute, glabrous or nearly so. Corolla urceolate, fused for c. ⅔ of total length, 4 -5 mm long, white, basally greenish; lobes lanceolate to triangular, c. 1.25 × 0.9 -1.3 mm, coriaceous, adaxially rugose, apically obtuse to acute, recurved. Corolline corona forming low ridges in interstaminal position, slightly verrucose, glabrous. Gynostegial co rona separated in almost free staminal and interstaminal parts, staminal parts inconspicuously lifted zones on base of anthers, c. 0.1 mm high, interstaminal parts whitishgreenish, c. 0.8 mm long, lobules triangular, apices slightly involute, enclosing a cavity below lower anther wings, basally emarginate. Dorsal anther appendage a bifurcate, solid crest on dorsal top of anther with lateral tips diverging outward. Gynostegium c. 2 mm long, c. 2.7 mm in diam., atop a stipe c. 0.8 mm long. Anthers about as long as broad, almost square, with longitudinal ridges at both sides; anther wings separated into basal part c. 0.8 mm long, to c. 0.2 mm in diam., prominently bulging over whole length, resembling spreading wings, almost parallel to floral axis, secreting nectar; apical part (guide rail) c. 0.65 mm long, forming an angle of slightly more than 90° to floral axis, basally centrifugal, forming a distinct "mouth" with basal parts resulting in "lips" projecting beyond plane of anthers, consisting of a distal and proximal ridge. Connective appendages narrowly ligulate, c. 1.4 × 0.35 mm, erect, apically connivent, narrower than stamen, yellowish. Pollinarium: pollinia apically attached to caudicles, c. 450 × 260 µm, obliquely ovoid, elliptic in cross-section, without hyaline zone; caudicles cylindric to flattened (toward pollinium), 130 -140 µm long, geniculate; corpusculum narrowly ellipsoid, c. 230 × 120 µm. Stylehead c. 1.3 mm long, c. 0.75 mm in diam., whitishgreenish, pentagonal, roughly barrel-shaped, centrally depressed. Fruits and seeds unknown.
Phenology -Flowering specimens were collected in October. In cultivation in Germany the species flowered October -December.
Distribution -Cuba: mountainous regions in the east, rare (Fig. 11D) .
Ecology -Regions with high precipitation, typically on ultramafic soils (R. Mangelsdorff, pers. obs.).
Conservation status -This taxon has a local distribution in areas of low value for land utilization. As the political situation in Cuba might change in the future, currently unexploited or protected areas might be in danger of change of land use. The category Vulnerable VU B2ab(ii,iii) is appropriate (IUCN 2012 (IUCN , 2016 .
Etymology -The epithet is derived from Latin urceolus (a small urn), because of the urn-shaped (urceolate) corolla.
Remarks -The type locality given in the protologue and by Schlechter (1899: 240) , Monte Toro near Santa Ana, deviates from the one given on the type specimen, Santa Ana, Monte Verde. The latter locality is about 20 km E of Monte Toro. In the distribution map (Fig. 11D) , the locality given on the type sheet was used.
Within Gonolobinae, the erect, solid, and ligulate structure of the connective appendages of Tylodontia ur ceolata is exceptional. Grisebach (1866: 173) noticed the stipitate gynostegium; however, neither Grisebach (1866) nor Schlechter (1899) noted the prominent interstaminal corona closely attached to the base of the stipe. This character would have excluded this taxon from Astephanus. Schlechter (1899: 240) , however, noted the overall similarity of the corolla with T. cubensis. 
